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(54) Title: DYNAMIC SPINE STABILIZER 



(57) Abstract: A dynamic spine stabilizer moves under the control of spinal motion providing increased mechanical support within 
^ a central zone corresponding substantially to the neutral zone of the injured spine. The dynamic spine stabilizer includes a support 
Q assembly and a resistance assembly associated with the support assembly. The resistance assembly generates greater increase in 
^ mechanical force during movement within the central zone and lesser increase in mechanical force during movement beyond the 
j^- central zone. A method for using the stabilizer is also disclosed. 
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TITLE: DYNAMIC SPINE STABILIZER 
BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The invention relates to a method and apparatus for spinal stabilization. More 
particularly, the invention relates to a method and apparatus for applying increased 
incremental mechanical resistance when the spine moves within its neutral zone. 

2. Description of the Prior Art 

Low back pain is one of the most expensive diseases afflicting industrialized 
societies. With the exception of the common cold, it accounts for more doctor visits than 
any other ailment The spectrum of low back pain is wide, ranging from periods of intense 
disabling pain which resolve, to varying degrees of chronic pain. The conservative 
treatments available for lower back pain include: cold packs, physical therapy, narcotics, 
steroids and chiropractic maneuvers. Once a patient has exhausted all conservative therapy, 
the surgical options range from micro discectomy, a relatively minor procedure to relieve 
pressure on the nerve root and spinal cord, to fusion, which takes away spinal motion at the 
level of pain. 

Each year, over 200,000 patients undergo lumbar fusion surgery in the United States. 
While fusion is effective about seventy percent of the time, there are consequences even to 
these successful procedures, including a reduced range of motion and an increased load 
transfer to adjacent levels of the spine, which accelerates degeneration at those levels. 
Further, a significant number of back-pain patients, estimated to exceed seven million in the 
U.S., simply endure chronic low-back pain, rather than risk procedures that may not be 
appropriate or effective in alleviating their symptoms. 

New treatment modalities, collectively called motion preservation devices, are 
currently being developed to address these limitations. Some pro mising therapies are in the 
form of nucleus, disc or facet replacements. Other motion preservation devices provide 
dynamic internal stabilization of the injured and/or degenerated spine, without removing 
any spinal tissues. A major goal of this concept is the stabilization of the spine to prevent 
pain while preserving near normal spinal function. The primary difference in the two types 
of motion preservation devices is that replacement devices are utilize d with the goal of 
replacing degenerated anatomical structures which facilitates motion while dynamic internal 
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stabilization devices are utilized with the goal of stabilizing and controlling abnormal spinal 
motion. 

Over ten years ago a hypothesis of low back pain was presented in which the spinal 
system was conceptualized as consisting of the spinal column (vertebrae, discs and 
ligaments), the muscles surrounding the spinal column, and a neuromuscular control unit 
which helps stabilize the spine during various activities of dailyliving. Panjabi MM. "The 
stabilizing system of the spine. Part I. Function, dysfunction, adaptation, and enhancement" 
J Spinal Disord 5 (4): 383-389, 1992a. A corollary of this hypothesis was that strong spinal 
muscles are needed when a spine is injured or degenerated. This was especially true while 
standing in neutral posture. Panjabi MM. "The stabilizing system of the spine. Part II. 
Neutral zone and instability hypothesis." J Spinal Disord 5 (4): 390-397, 1992b. In other 
words, a low-back patient needs to have sufficient well-coordinated muscle forces, 
strengthening and training the muscles where necessary, so they provide maximum 
protection while standing in neutral posture. 

Dynamic stabilization (non-fusion) devices need certain functionality in order to 
assist the compromised (injured or degenerated with diminished mechanical integrity spine 
of a back patient. Specifically, the devices must provide mechanical assistance to the 
compromised spine, especially in the neutral zone where it is needed most The "neutral 
zone" refers to a region of low spinal stiffness or the toe-region of the Moment-Rotation 
curve of the spinal segment (see Figure 1). Panjabi MM, Goel VK, Takata K. 1981 Volvo 
Award in Biomechanics. "Physiological Strains in Lumbar Spinal ligaments, an in vitro 
Biomechanical Study." Spim7 (3): 192-203, 1982. The neutral zone is commonly defined as 
the central part of the range of motion around the neutral posture where the soft tissues of 
the spine and the facet joints provide least resistance to spinal motion. This concept is 
nicely visualized on a load-displacement or moment-rotation curve of an intact and injured 
spine as shown in Figure 1. Notice that the curves are non-linear; that is, the spine 
mechanical properties change with the amount of angulations and/or rotation. If we 
consider curves on the positive and negative sides to represent spinal behavior in flexion 
and extension respectively, then the slope of the curve at each point represents spinal 
stiffness. As seen in Figure 1, the neutral zone is the low stiffness region of the range of 
motion. 
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Experiments have shown that after an injury of the spinal column or due to 
degeneration, neutral zones, as well as ranges of motion, increase (see Figure 1). However, 
the neutral zone increases to a greater extent than does the range of motion, when described 
as a percentage of the corresponding intact values. This implies that the neutral zone is a 
better measure of spinal injury and instability than the range of motion. Ginical studies 
have also found that the range of motion increase does not correlate well with low back 
pain. Therefore, the unstable spine needs to be stabilized especially in the neutral zone. 
Dynamic internal stabilization devices must be flexible so as to move with the spine, thus 
allowing the disc, the facet joints, and the ligaments normal physiological motion and loads 
necessary for maintaining their nutritional well-being. The devices must also accommodate 
the different physical characteristics of individual patients and anatomies to a chiev e a 
desired posture for each individual patient. 

With the foregoing in mind, those skilled in the ait will understand that a need exists 
for a spinal stabilization device which overcomes the shortcoming of prior art devices. The 
present invention provides such an apparatus and method for spinal stabilization. 
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SUMMARY OF THE INVENTION 

It is, therefore, an object of the present invention to provide a method for spinal 
stabilization. The method is achieved by securing a dynamic stabilizer to vertebrae of a 
spine and providing mechanical assistance in the form of resistance to a region of the spine 
to which the dynamic stabilizer is attached. The resistance is applied such that greater 
mechanical assistance is provided while the spine is around its neutral zone and lesser 
mechanical assistance is provided while the spine bends beyond its neutral zone. 

It is also an object of the present invention to provide a dynamic stabilizer that 
moves under the control of spinal motion providing increased mechanical support within a 
central zone corresponding substantially to a neutral zone of an injured spine. The stabilizer 
includes a support assembly and a resistance assembly associated with the support assembly. 
Hie resistance assembly generates resistance applying greater resistance to movement 
during movement within the central zone and lower resistance to movement while the 
stabilizer undergoes extended movement beyond its central zone. 

It is another object of the present invention to provide a dynamic stabilizer including 
a piston assembly and a resistance assembly associated with the piston assembly. The 
resistance assembly is composed of a first spring and a second spring and the piston 
assembly is shaped and dimensioned for linking the resistance assembly to a body member. 

Other objects and advantages of the present invention will become apparent from 
the following detailed description when viewed in conjunction with the accompanying 
drawings, which set forth certain embodiments of the invention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 is Moment-Rotation curve for a spinal segment (intact and injured), 

showing the low spinal stiffness within the neutral zone. 

Figure 2 is a schematic representation of a spinal segment in conjunction with a 

Moment-Rotation curve for a spinal segment, showing the low spinal stiffness within the 

neutral zone. 

Figure 3a is a schematic of the present invention in conjunction with a Force- 
Displacement curve, demonstrating the increased resistance provided within the central 
zone of the present dynamic spine stabilizer. 

Figure 3b is a Force-Displacement curve demonstrating the change in profile 
achieved through the replacement of springs. 

Figure 3c is a dorsal view of the spine with a pair of stabilizers secured thereto. 

Figure 3d is a side view showing the stabilizer in tension. 

Figure 3e is a side view showing the stabilizer in compression. 

Figure 4 is a schematic of the present dynamic spine stabilizer. 

Figure 5 is a schematic of an alternate embodiment in accordance with the present 
invention. 

Figure 6 is a Moment-Rotation curve demonstrating the manner in which the 
present stabilizer assists spinal stabilization. 

Figures 7a and 7b are respectively a free body diagram of the present stabilizer and a 
diagram representing the central zone of the present stabilizer. 
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DESCRIPTrON OF THE PREFERRED EMBODIMENT 

The detailed embodiments of the present invention are disclosed herein. It should 
be understood, however, that the disclosed embodiments are merely exemplary of the 
invention, which maybe embodied in various forms. Therefore, the details disclosed herein 
are not to be interpreted as limited, but merely as the basis for the claims and as a basis for 
teaching one skilled in the art how to make and/ or use the invention. 

With reference to Figures 2, 3a-e and 4, a method and apparatus are disclosed for 
spinal stabilization. In accordance with a preferred embodiment of the present invention, 
the spinal stabilization method is achieved by securing an internal dynamic spine stabilizer 
10 between adjacent vertebrae 12, 14 and providing mechanical assistance in the form of 
elastic resistance to the region of the spine to which the dynamic spine stabilizer 10 is 
attached. The elastic resistance is applied as a function of displacement such that greater 
mechanical assistance is provided while the spine is in its neutral zone and lesser mechanical 
assistance is provided while the spine bends beyond its neutral zone. Although the term 
elastic resistance is used throughout the body of the present specification, other forms of 
resistance may be employed without departing from the spirit of the present invention. 

As those skilled in the art will certainly appreciate, and as mentioned above, the 
"neutral zone" is understood to refer to a region of low spinal stiffness or the toe- region of 
the Moment-Rotation curve of the spinal segment (see Figure 2). That is, the neutral zone 
may be considered to refer to a region of laxity around the neutral resting position of a 
spinal segment where there is minimal resistance to intervertebral morion. The range of the 
neutral zone is considered to be of major significance in cfetermining spinal stability. 
Panjabi, MM. "Hie stabilizing system of the spine. Part II. Neutral zone and instability 
hypothesis." ] Spnd Disorders 1992; 5(4): 390-397. 

In fact, the inventor has previously described the load displacement curve associated 
with spinal stability through the use of a "ball in a bowl 59 analogy. According to this 
analogy, the shape of the bowl indicates spinal stability. A deeper bowl represents a more 
stable spine, while a more shallow bowl represents a less stable spine. The inventor 
previously hypothesized that for someone without spinal injury there is a normal neutral 
zone (that part of the range of motion where there is minimal resistance to intervertebral 
motion) with a normal range of motion, and in turn, no spinal pain. In this instance, the 
bowl is not too deep nor too shallow. However, when an injury occurs to an anatomical 
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structure, the neutral zone of the spinal column increases and the ball moves freely over a 
larger distance. By this analogy, the bowl would be more shallow and the ball less stable, 
and consequently, pain results from this enlarged neutral zone. 

In general, pedicle screws 16, 18 attach the dynamic spine sta bilizer 10 to the 
vertebrae 12, 14 of the spine using well-tolerated and familiar surgical procedures known to 
those skilled in the arc. In accordance with a preferred embodiment, and as those skilled in 
the art will certainly appreciate, a pair of opposed stabilizers are commonly used to balance 
the loads applied to the spine (see Figure 3c). The dynamic spine stabilizer 10 assists the 
compromised (injured and/ or degenerated) spine of a back pain patient, and helps her/him 
perform daily activities. The dynamic spine stabilizer 10 does so by providing controlled 
resistance to spinal motion particularly around neutral posture in the region of neutral zone. 
As the spine bends forward (flexion) the stabilizer 10 is tensioned (see Figure 3d) and when 
the spine bends backward (extension) the stabilizer 10 is compressed (see Figure 3e). 

The resistance to displacement provided by the dynamic spine stabilizer 10 is non- 
linear, being greatest in its central zone so as to correspond to the individual's neutral zone; 
that is, the central zone of the sta bilize r 10 provides a high level of mechanical assistance in 
supporting the spine. As the individual moves beyond the neutral zone, the increase in 
resistance decreases to a more moderate level. As a result, the individual encounters greater 
resistance to movement (or greater incremental resistance) while moving within the neutral 
zone. 

The central zone of the dynamic spine stabilizer 10, that is, the range of motion in 
which the spine stabilizer 10 provides the greatest resistance to movement, is adjustable at 
the time of surgery to suit the neutral zone of each individual patient. The resistance to 
movement provided by the dynamic spine stabilizer 10 is adjustable pre-operatively and 
intra-operatively. This helps to tailor the mechanical properties of the dynamic spine 
stabilizer 10 to suit the compromised spine of the individual patient. The length of the 
dynamic spine stabilizer 10 is also adjustable intra-operatively to suit individual patient 
anatomy and to achieve desired spinal posture. The dynamic spine stabilizer 10 can be re- 
adjusted post-operatively with a surgical procedure to adjust its central zone to 
accommodate a patient's altered needs. 

Ball joints 20, 22 link the dynamic spine stabilizer 10 with the pedicle screws 16, 18. 
The junction of the dynamic spine stabilizer 10 and pedicle screws 16, 18 is free and 
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rotationally unconstrained Therefore, first of all, the spine is allowed all physiological 
motions of bending and twisting and second, the dynamic spine stabilizer 10 and the pedicle 
screws 16, 18 are protected from harmful bending and torsional forces, or moments. While 
ball joints are disclosed in accordance with a preferred embodiment of the present 
invention, other linking structures maybe utilized without departing from the spirit of the 
present invention. 

As there are ball joints 20, 22 at each end of the stabilizer 10, no bending moments 
can be transferred from the spine to the stabilizer 10. Further, it is important to recognize 
the only forces that act on the stabilizer 10 are those due to the forces of the springs 30, 32 
within it. These forces are solely dependent upon the tension and compression of the 
stabilizer 10 as determined by the spinal motion. In summary, the stabilizer 10 sees only the 
spring forces. Irrespective of the large loads on the spine, such as when a person carries or 
lifts a heavy load, the loads coming to the stabilizer 10 are only the forces developed within 
the stabilizer 10, which are the result of spinal motion and not the result of the spinal load. 
The stabilizer 10 is, therefore, uniquely able to assist the spine without enduring the high 
loads of the spine, allowing a wide range of design options. 

The loading of the pedicle screws 16, 18 in the present stabilizer 10 is also quite 
different from that in prior art pedicle screw fixation devices. The only load the stabilizer 
pedicle screws 16, 18 see is the force from the stabilizer 10. This translates into pure axial 
force at the ball joint- screw interface. This mechanism greatly reduces the bending moment 
placed onto the pedicle screws 16, 18 as compared to prior art pedicle screw fusion systems. 
Due to the ball joints 20, 22, the bending moment within the pedicle screws 16, 18 is zero 
at the ball joints 20, 22 and it increases toward the tip of the pedicle screws 16, 18. The area 
of pedicle screw- bone interface which often is the failure site in a typical prior art pedicle 
screw fixation device, is the least stressed site, and is therefore not likely to fail. In sum, the 
pedicle screws 16, 18, when used in conjunction with the present invention, carry 
significantly less load and are placed under significandy less stress than typical pedicle 
screws. 

In Figure 2, the Moment-Rotation curve for a healthy spine is shown in 
configurations with the present stabilizer 10. This curve shows the low resistance to 
movement encountered in the neutral zone of a healthy spine. However, when the spine is 
injured, this curve changes and the spine becomes unstable, as evidenced by the expansion 



WO 2004/098452 



PCT/US2004/013684 



9 

of the neutral zone (see Figure 1). 

In accordance with a preferred embodiment of the present invention, people 
suffering from spinal injuries are best treated through the application of increased 
mechanical assistance in the neutral zone. As the spine moves beyond the neutral zone, the 
necessary mechanical assistance decreases and becomes more moderate. In particular, and 
with reference to Figure 3a, the support profile contemplated in accordance with the present 
invention is disclosed. 

Three different profiles are shown in Figure 3a. The disclosed profiles are merely 
exemplary and demonstrate the possible support requirements within the neutral zone. 
Profile 1 is exemplary of an individual requiring great assistance in the neutral zone and the 
central zone of the stabilizer is therefore increased providing a high level of resistance over a 
great displacement; Profile 2 is exemplary of an individual where less assistance is required 
in the neutral zone and the central zone of the stabilizer is therefore more moderate 
providing increased resistance over a more limited range of displacement; and Profile 3 is 
exemplary of situations where only slightly greater assistance is required in the neutral zone 
and the central zone of the stabilizer may therefore be decreased to provide increased 
resistance over even a smaller range of displacement. 

As those skilled in the art will certainly appreciate, the mechanical assistance required 
and the range of the neutral zone will vary from individual to individual However, the basic 
tenet of the present invention remains; that is, greater mechanical assistance for those 
individuals suffering from spinal instability is required within the individual's neutral zone. 
This assistance is provided in the form of greater resistance to movement provided within 
the neutral zone of the individual and the central zone of the dynamic spine stabilizer 10. 

The dynamic spine stabilizer 10 developed in accordance with the present invention 
provides mechanical assistance in accordance with the disclosed support profile. Further, 
the present stabilizer 10 provides for adjustability via a concentric spring design. 

More specifically, the dynamic spine stabilizer 10 provides assistance to the 
compromised spine in the form of increased resistance to movement (provided by springs in 
accordance with a preferred embodiment) as the spine moves from the neutral posture, in 
any physiological direction. As mentioned above, the Force-Displacement relationship 
provided by the dynamic spine stabilizer 10 in accordance with the present invention is non- 
linear, with greater incremental resistance around the neutral zone of the spine and central 
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zone of the stabilizer 10, and decreasing incremental resistance beyond the central zone of 
the dynamic spine stabilizer 10 as the individual moves beyond the neutral zone (see Figure 
3a). 

The relationship of the present stabilizer 10 to forces applied during tension and 
compression is further shown with reference to Figure 3a. As discussed above, the behavior 
of the present stabilizer 10 is non-linear. The Load-Displacement curve has three zones: 
tension, central and compression. If Kl and K2 define the stiffness values in the tension 
and compression zones respectively, the present stabilizer is designed such that the high 
stiffness in the central zone is W K1 + K2". Depending upon the preload of the stabilizer 10 
as will be discussed below in greater detail, the width of the central zone and, therefore, the 
region of high stiffness can be adjusted. 

With reference to Figure 4, a dynamic spine stabilizer 10 in accordance with the 
present invention is disclosed. The dynamic spine stabilizer 10 includes a support assembly 
in the form of a housing 20 composed of a first housing member 22 and a second housing 
member 24. The first housing member 22 and the second housing member 24 are 
telescopically connected via external threads formed upon the open end 26 of the first 
housing member 22 and internal threads formed upon the open end 28 of the second 
housing member 24. In this way, the housing 20 is completed by screwing the first housing 
member 22 into the second housing member 24. As such, and as will be discussed below in 
greater detail, the relative distance between the first housing member 22 and the second 
housing member 24 can be readily adjusted for the puipose of adjusting the compression of 
the first spring 30 and second spring 32 contained within the housing 20. Although springs 
are employed in accordance with a preferred embodiment of the present invention, other 
elastic members maybe employed without departing from the spirit of the present 
invention. A piston assembly 34 links the first spring 30 and the second spring 32 to first 
and second ball joints 36, 38. The first and second ball joints 36, 38 are in turn shaped and 
designed for selective attachment to pedicle screws 16, 18 extending from the respective 
vertebrae 12, 14. 

The first ball joint 36 is secured to the closed end 38 of the first housing member 20 
via a threaded engagement member 40 shaped and dimensioned for coupling, with threads 
formed within an aperture 42 formed in the closed end 38 of the first housing member 22. 
In this way, the first ball joint 36 substantially closes off the closed end 38 of the first 
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housing member 22. The length of the dynamic spine stabilizer 10 maybe readily adjusted 
by rotating the first ball joint 36 to adjust the extent of overlap between the first housing 
member 22 and the engagement member 40 of the first ball joint 36, As those skilled in the 
art will certainly appreciate, a threaded engagement between the first housing member 22 
and the engagement member 40 of the first ball joint 36 is disclosed in accordance with a 
preferred embodiment, although other coupling structures maybe employed without 
departing from the spirit of the present invention. 

The closed end 44 of the second housing member 24 is provided with a cap 46 
having an aperture 48 formed therein. As will be discussed below in greater detail, the 
aperture 48 is shaped and dimensioned for the passage of a piston rod 50 from the piston 
assembly 34 therethrough. 

The piston assembly 34 includes a piston rod 50; first and second springs 30, 32; and 
retaining rods 52. The piston rod 50 includes a stop nut 54 and an enlarged head 56 at its 
first end 58. The enlarged head 56 is rigidly connected to the piston rod 50 and includes 
guide holes 60 through which the retaining rods 52 extend during operation of the present 
dynamic spine stabilizer 10. As such, the enlarged head 56 is guided along the retaining rods 
52 while the second ball joint 38 is moved toward and away from the first ball joint 36. As 
will be discussed below in greater detail, the enlarged head 56 interacts with the first spring 
30 to create resistance as the dynamic spine stabilizer 10 is extended and the spine is moved 
in flexion. 

A stop nut 54 is fit over the piston rod 50 for free movement relative thereto. 
However, movement of the stop nut 54 toward the first ball joint 36 is prevented by the 
retaining rods 52 that support the stop nut 54 and prevent the stop nut 54 from moving 
toward the first ball joint 36. As will be discussed below in greater detail, the stop nut 54 
interacts with the second spring 32 to create resistance as the dynamic spine stab ilizer 10 is 
compressed and the spine is moved in extension. 

The second end 62 of the piston rod 50 extends from the aperture 48 at the closed 
end 44 of the second housing member 24, and is attached to an engagement member 64 of 
the second ball joint 38. The second end 62 of the piston rod 50 is coupled to the 
engagement member 64 of the second ball joint 38 via a threaded engagement As those 
skilled in the art will certainly appreciate, a threaded engagement between the second end 62 
of the piston rod 50 and the engagement member 64 of the second ball joint 38 is disclosed 



WO 2004/098452 



PCT/US2004/013684 



12 

in accordance with a preferred embodiment, although other coupling structures maybe 
employed without departing from the spirit of the present invention. 

As briefly mentioned above, the first and second springs 30, 32 are held within the 
housing 20. In particular, the first spring 30 extends between the enlarged head 56 of the 
piston rod 50 and the cap 46 of the second housing member 24. The second spring 32 
extends between the distal end of the engagement member 64 of the second ball joint 38 
and the stop nut 54 of the piston rod 50. The preloaded force applied by the first and 
second springs 30, 32 holds the piston rod in a static position within the housing 20, such 
that the piston rod is able to move during either extension or flexion of the spine. 

In use, when the vertebrae 12, 14 are moved in flexion and the first ball joint 36 is 
drawn away from the second ball joint 38, the piston rod 50 is pulled within the housing 24 
against the force being applied by the first spring 30. In particular, the enlarged head 56 of 
the piston rod 50 is moved toward the closed end 44 of the second housing member 24. 
This movement causes compression of the first spring 30, creating resistance to the 
movement of the spine. With regard to the second spring 32, the second spring 32 moves 
with the piston rod 50 away from second ball joint 38. As the vertebrae move in flexion 
within the neutral zone, the height of the second spring 32 is increased, reducing the 
distinctive force, and in effect increasing the resistance of the device to movement. 
Through this mechanism, as the spine moves in flexion from the initial position both spring 
30 and spring 32 resist the distraction of the device direcdy, either by increasing the load 
within the spring (i.e. first spring 30) or by decreasing the load assisting the motion (Le. 
second spring 32). 

However, when the spine is in extension, and the second ball joint 38 is moved 
toward the first ball joint 36, the engagement member 64 of the second ball joint 38 moves 
toward the stop nut 54, which is held is place by the re taining rods 52 as the piston rod 50 
moves toward the first ball joint 36. This movement causes compression of the second 
spring 32 held between the engagement member 64 of the second ball joint 38 and the stop 
nut 54, to create resistance to the movement of the dynamic spine stabilizer 10. With regard 
to the first spring 30, the first spring 30 is supported between the cap 46 and the enlarged 
head 56, and as the vertebrae move in extension within the neutral zone, the height of the 
second spring 30 is increased, reducing the compressive force, and in effect increasing the 
resistance of the device to movement. Through this mechanism, as the spine moves in 
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extension from the initial position both spring 32 and spring 30 resist the compression of 
the device direcdy, either by increasing the load within the spring (Le. second spring 32) or 
by decreasing the load assisting the motion (i.e. first spring 30). 

Based upon the use of two concentrically positioned elastic springs 30, 32 as 
disclosed in accordance with the present invention, an assistance (force) profile as shown in 
Figure 2 is provided by the present dynamic spine stabilizer 10. That is, the first and second 
springs 30, 32 work in conjunction to provide a large elastic force when the dynamic spine 
stabilizer 10 is displaced within the central zone of the stabilizer. However, once 
displacement between the first ball joint 36 and the second ball joint 38 extends beyond the 
central zone of the stabilizer 10 and the neutral zone of the individual's spinal movement, 
the incremental resistance to motion is substantially reduced as the individual no longer 
requires the substantial assistance needed within the neutral zone. This is accomplished by 
setting the central zone of the device disclosed herein. The central zone of the force 
displacement curve is the area of the curve which represents when both springs are acting in 
the device as described above. When the motion of the spine is outside the neutral zone 
and the correlating device elongation or compression is outside the set central zone, the 
spring which is elongating reaches its free length. Free length, as anybody skilled in the art 
will appreciate, is the length of a spring when no force is applied. In this mechanism the 
resistance to movement of the device outside the central zone (where both springs are 
acting to resist motion) is only reliant on the resistance of one spring: either spring 30 in 
flexion or spring 32 in extension. 

As briefly discussed above, the dynamic spine stabilizer 10 is adjusted by rotation of 
the first housing member 22 relative to the second housing member 24. This movement 
changes the distance between the first housing member 22 and the second housing member 
24 in a manner which ultimately changes the preload placed across the first and second 
springs 30, 32. This change in preload alters the resistance profile of the present dynamic 
spine stabilizer 10 from that shown in Profile 2 of Figure 3a to an increase in preload (see 
Profile 1 of Figure 3a) which enlarges the effective range in which the first and second 
springs 30, 32 act in unison. This increased width of the central zone of the stabilizer 10 
correlates to higher stiffness over a larger range of motion of the spine. This effect can be 
reversed as evident in Profile 3 of Figure 3a. 
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The present dynamic spine stabilizer 10 is attached to pedicle screws 16, 18 
extending from the vertebral section requiring support During surgical attachment of the 
dynamic spine stabilizer 10, the magnitude of the stabilizer's central zone can be adjusted for 
each individual patient, as judged by the surgeon and/ or quantified by an instability 
measurement device. This adjustable feature of the dynamic spine stabilizer 10 is 
exemplified in the three explanatory profiles that have been generated in accordance with a 
preferred embodiment of the present invention (see Figure 2; note the width of the device 
central zones). 

Pre-operatively, the first and second elastic springs 30, 32 of the dynamic spine 
stabilizer 10 can be replaced by a different set to accommodate a wider range of spinal 
instabilities. As expressed in Figure 3b, Profile 2b demonstrates the force displacement 
curve generated with a stiffer set of springs when compared with the curve shown in Profile 
2a of Figure 3b. 

Intra-operatively, the length of the dynamic spine stabilizer 10 is adjustable by 
turning the engagement member 40 of the first ball joint 36 to lengthen the stabilizer 10 in 
order to accommodate different patient anatomies and desired spinal posture. Pre- 
operatively, the piston rod 50 may be replaced to accommodate an even wider range of 
anatomic variation. 

The present dynamic spine stabilizer 10 has been tested alone for its load- 
displacement relationship. When applying tension, the dynamic spine stabilizer 10 
demonstrated increasing resistance up to a pre-defined displacement, followed by a reduced 
rate of increasing resistance until the device reached its fully elongated position. When 
subjected to compression, the dynamic spine stabilizer 10 demonstrated increasing 
resistance up to a pre-defined displacement, followed by a reduced rate of increasing 
resistance until the device reached its fully compressed position. Therefore, the dynamic 
spine stabilizer 10 exhibits a load-displacement curve that is non-linear with the greatest 
resistance to displacement offered around the neutral posture. This behavior helps to 
normalize the load-displacement curve of a compromised spine. 

In another embodiment of the design, with reference to Figure 5, the stabilizer 110 
may be constructed with an in-line spring arrangement. In accordance with this 
embodiment, the housing 120 is composed of first and second housing members 122, 124 
which are coupled with threads allowing for adjustability. A first ball joint 136 extends from 
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the first housing member 122. The second housing member 124 is provided with an 
aperture 148 through which the second end 162 of piston rod 150 extends. The second end 
162 of the piston rod 150 is attached to the second ball joint 138. The second ball joint 138 
is screwed onto the piston rod 150. 

The piston rod 150 includes an enlarged head 156 at its first end 158. The first and 
second springs 130, 132 are respectively secured between the enlarged head 156 and the 
closed ends 138, 144 of the first and second housing members 122, 124. In this way, the 
stabilizer 110 provides resistance to both expansion and compression using the same 
mechanical principles described for the previous embodiment. 

Adjustment of the resistance profile in accordance with this alternate embodiment is 
achieved by rotating the first housing member 122 relative to the second housing member 
124. Rotation in this way alters the central zone of high resistance provided by the stabilizer 
110. As previously described one or both springs may also be exchanged to change the 
slope of the force-displacement curve in two or three zones respectively. 

To explain how the stabilizer 10, 110 assists a compromised spine (increased neutral 
zone) observe the moment-rotation curves (Figure 6). Four curves are shown: 1. Intact, 2. 
Injured, 3. Stabilizer and, 4. Injured + Stabilizer. These are, respectively, the Moment- 
Rotation curves of the intact spine, injured spine, stabilizer alone, and stabilizer plus injured 
spine Notice that this curve is close to the intact curve. Thus, the stabilizer, which provides 
greater resistance to movement around the neutral posture, is ideally suited to compensate 
for the instability of the spine. 

In addition to the dynamic spine stabilizer described above, other complementary 
devices are contemplated. For example, a link- device may be provided for joining the left- 
and right-stabilizer units to help provide additional stability in axial rotation and lateral 
bending. This link-device will be a supplement to the djaiamic spine stabilizer. It will be 
applied as needed on an individual patient basis. In addition, a spinal stability measurement 
device maybe utilized. The measurement device will quantify the stability of each spinal 
level at the time of surgery. This device will attach intra- operatively to a pair of adjacent 
spinal components at compromised and uncompromised spinal levels to measure the 
stability of each level. The stability measurements of the adjacent uninjured levels relative to 
the injured level(s) can be used to determine the appropriate adjustment of the device. 
Additionally, the stability measurements of the injured spinal level(s) can be used to adjust 



WO 2004/098452 



PCT/US2004/013684 



16 

the device by referring to a tabulated database of normal uninjured spinal stabilities. The 
device will be simple and robust, so that the surgeon is provided with the information in the 
simplest possible manner under operative conditions. 

The choice of spring used in accordance with the present invention to achieve the 
desired force profile curve is governed by the basic physical laws governing the force 
produced by springs. In particular, the force profile described above and shown in Figure 
3a is achieved through the unique design of the present stabilizer. 

First, the stabilizer functions both in compression and tension, even through the 
two springs within the stabilizer are both of compression type. Second, the higher stiffness 
(K.1 + K2) provided by the stabilizer in the central zone is due to the presence of a preload. 
Both springs are made to work together, when the preload is present. As the stabilizer is 
either tensioned or compressed, the force increases in one spring and decreases in the other. 
When the decreasing force reaches the zero value, the spring corresponding to this force no 
longer functions, thus decreasing the stabilizer function, an engineering analysis, including 
the diagrams shown in Figures 7a and 7b, is presented below (the analysis specifically relates 
to the embodiment disclosed in Figure 5, although those skilled in the art will appreciate the 
way in which it applies to all embodiments disclosed in accordance with the present 
invention). 

Fo is the preload within the stabilizer, introduced by shortening the body 

length of the housing as discussed above. 
Ki and K2 are stiffness coefficients of the compression springs, active during 

stabilizer tensioning and compression, respectively. 
F and D are respectively the force and displacement of the disc of the 

stabilizer with respect to the body of the stabilizer. 
The sum of forces on the disc must equal zero. Therefore, 
F +(Fo-DxK 2 )-CFo +DxKi) =0,and 
F=Dx(Ki+K 2 ). 
With regard to the central zone (CZ) width (see Figure 3a): 
On Tension side CZt is: 

CZt=Fo/K2. 
On Compression side CZc is: 
CZc-Fo/Ki. 
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As those skilled in the art will certainly appreciate, the concepts underlying the 
present invention may be applied to other medical procedures. As such, these concepts may 
be utilized beyond spinal treatments without departing from the spirit of the present 
invention. 

While the preferred embodiments have been shown and described, it will be 
understood that there is no intent to limit the invention by such disclosure, but rather, is 
intended to cover all modifications and alternate constructions falling within the spirit and 
scope of the invention as defined in the appended claims. 
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CLAIMS: 

1 . A method for spinal stabilization, comprising the f ollowing steps: 
securing a dynamic stabilizer to vertebrae of a spine; 

providing mechanical assistance in the fomi of resistance to a region of the spine to 
which the stabilizer is attached, wherein the resistance is applied such that greater 
mechanical assistance is provided while the spine is around its neutral zone and lesser 
mechanical assistance is provided while the spine bends beyond its neutral zone. 

2. The method according to claim 1, wherein pedicle screws attach the stabilizer to the 
vertebrae. 

3. The method according to claim 1, wherein ball joints couple the pedicle screw to the 
stabilizer. 

4. The method according to claim 1, wherein the resistance provided by the stabilizer is 
non-linear, being greatest in its central zone so as to correspond to the neutral zone of a 
patient. 

5. The method according to claim 1, further including the step of adjusting the 
resistance to suit the neutral zone of a patient. 

6. The method according to claim 5, wherein the step of adjusting is performed pre- 
operatively. 

7. The method according to claim 5, wherein the step of adjusting is performed intra- 
operatively. 

8. The method according to claim 5, wherein the step of adjusting is performed post- 
operatively. 
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9. A dynamic stabilizer moves under the control of spinal motion providing increased 
mechanical support within a central zone corresponding substantially to a neutral zone of an 
injured spine, the stabilizer comprising: 

a support assembly; 

a resistance assembly associated with the support assembly, wherein the resistance 
assembly generates resistance applying greater resistance to movement during movement 
within the central zone and lower resistance to movement while the stabilizer undergoes 
extended movement beyond its central zone. 

10. The stabilizer according to claim 9, wherein the resistance assembly further includes 
a piston assembly shaped and dimensioned for linking the resistance assembly to adjacent 
vertebrae of a spine 

11. The stabilizer according to claim 10, further including ball joints secured to the 
piston assembly, the ball joints being shaped and dimensioned for selective attachment to 
pedicle screws extending from respective vertebrae. 

12. The stabilizer according to claim 9, wherein the resistance assembly includes a first 
spring and a second spring. 

13. The stabilizer according to claim 12, wherein the first spring and the second spring 
are concentric. 

14. The stabilizer according to claim 12, wherein the first spring and the second spring 
are linear. 

15. The stabilizer according to claim 9, wherein the support assembly is composed of a 
housing, a first housing member and a second housing member. 

16. The stabilizer according to claim 15, wherein the first housing member and the 
second housing member are telescopicafly connected. 
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17. The stabilizer according to claim 16, wherein the relative distance between the first 
housing member and the second housing member may be readily adjusted for the purpose 
of adjusting preload on the resistance assembly 

18. A dynamic stabilizer, comprising: 
a piston assembly, and 

a resistance assembly associated with the piston assembly, wherein the resistance 
assembly is composed of a first spring and a second spring and the piston assembly is 
shaped and dimensioned for linking the resistance assembly to a body member. 

19. The stabilizer according to claim 18, further including ball joints secured to the 
piston assembly, the ball joints being shaped and dimensioned for selective attachment to 
pedicle screws extending from the body member. 

20. The stabilizer according to claim 18, wherein the first spring and the second spring 
are concentric. 

21. The stabilizer according to claim 18, wherein the first spring and the second spring 
are linear. 

22. The stabilizer according to claim 18, further including a housing in which the 
resistance assembly is supported, the housing being composed of a first housing member 
and a second housing member. 

23. The stabilizer according to claim 22, wherein the first housing member and the 
second housing member are telescopically connected. 

24. The stabilizer according to claim 23, wherein the relative distance between the first 
housing member and the second housing member may be readily adjusted for the purpose 
of adjusting preload on the first and second springs. 
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